We integrated orthogonal experiment technique with three factors and three levels, and employed single-surface capillary absorption method to study the effects of water-cement ratio (W/C), the loading of carbon nanotube (w CNT ), the addition of silane waterproofing agent (w KH55 ) on the waterproof performances of CNT cement-based materials modified by doped silane waterproofing agent (KH/CNT/CC). Orthogonal range analysis reveals, when the KH/CNT/CC specimen is in condition of W/C=0.32, w CNT =0.2%, w KH55 =0.5%, the mass of water absorption is the minimum, and the water resistance is the best. The absorbed water mass after 96h of KH/CNT/CC with w KH55 =0.5% is decreased by 170.1g/m 2 when compared with the case with w KH55 =0.1%, the incorporation of silane waterproofing agent has effectively improve the impermeability of CNT cement-based composites. This will provide a reference for the development of the intrinsic sensors with excellent waterproof performance.
INTRODUCTION
Organosilicon waterproofing agent of concrete mixing, the additive modification within both under the condition of no cracks or fracture has a good waterproof performance [1] [2] [3] . Zhu [4] research results show that the organic silane can effectively improve the anti-capillary water absorption capacity of recycled concrete. Tian Li [5] by mercury injection test found in addition of organosilicone waterproofing agent can improve the pore structure of cement paste, cement based porous materials to improve the anti-permeability performance is very effective. Because of its excellent performance, so that it has broad application prospects. At present, CNT has been applied in cement-based materials to enhance the study [6] . Reinhard and Torsten [7] mixed with a small amount of multi wall in super high performance concrete in CNT (MCNT) after the discovery of MCNT can improve the mechanical properties of super high performance concrete. Maria [8] shows that MCNT improves the CNT macro mechanical properties of cement paste also has a very good ability to repair itself, when it is damaged due to irradiation or high temperature or tension, it can be sutured without leaving any traces [9] . Li Gengying [10] , Luo Jianlin [11] , Han [12] , Zuo JunQing [13] studied CNT/ cement-based material stress within the cycle load variation characteristics of resistivity in small; the results show that the CNT/ cement based materials has a very good application prospect as pressure sensor for vehicle detection, dynamic weighing and vehicle speed detection project. However, when the CNT/ cement based materials are used as sensors, the internal / external moisture can affect the linearity and reversibility of the sensor. Especially when it is subjected to external loads, so it is necessary to improve the water permeability [14] [15] . These two kinds of waterproof method coated with epoxy and silicone waterproof coating are only the surface waterproof, and to a certain extent, they will affect the transmission force deformation coordination experience [16] , but the double effect with good compatibility of organosilicon waterproofing agent can realize the intrinsic sensor overall waterproof and deformation consistency. Of course, CNT needs to be effectively pre dispersed in order to improve the performance of the matrix. In this paper, CNT is commonly used in the surface active agent ultrasonic dispersion process to effectively disperse CNT in water. Then using silane waterproofing agent with good water-proof performance (KH55) is to improve the waterproof performance of CNT/ cement based porous structure of the sensor. Orthogonal experimental method was used to explore the influence of different factors (water cement ratio W/C, CNT content w CNT , KH55 content of w KH55 ) on the properties of KH55 modified CNT/ cement based materials. The feasibility and long-term stability of the sensor used in the health monitoring of the concrete structure under exposed environment are evaluated.
EXPERIMENT 1.The Raw Materials of Test
(1) Ordinary Portland cement: 42.5R P.O, the production of landscape cement plant;
(2) Silane waterproofing agent (KH55): KH -550, Qingdao Haihua Flame Retardant Materials Co. Ltd. production of cement; (3) Multi wall CNT (MCNT): the natural gas through the nickel catalytic pyrolysis method, the Chinese Academy of Sciences Chengdu Organic Chemical Co., Ltd. production, the specific performance index see Table 1 ; (4) Sodium carboxymethyl cellulose (CMC, AR); Triton X-100 (Tx-100, AR) were produced by Shanghai national medicine group chemical reagent Co., Ltd. 
Test Methods
(1) Take the amount of distilled water for 50 ml in a 100 ml beaker. Weigh a certain amount of CMC into the beaker. After stirring with a glass rod, until CMC is completely dissolved in water, the solution is transparent and sticky. Through the circulating water control temperature below 60 degrees Celsius, CMC completely dispersed in the water. Take a certain amount of Tx-100 into the dispersion. After the ultrasound scattered 15min adding to MCNT, and in the 15min plus end. 99W was used to disperse 3h by ultrasonic power, and CNT dispersed suspension was prepared.
(2) Using the beaker weigh a certain amount of KH55, stirring while adding a certain amount of CNT aqueous dispersion, and add the corresponding W/C remaining water, stirring until the solution becomes low uniform. Add the cement and stir 10min, until it becomes a uniform KH/CNT/CC paste.
(3) Put it into the conical cups mold (volume 25mL, and the bottom surface of the radius were 1.8cm, 2.5cm, bus length 5cm), vibration compacting. Three groups of test blocks were made respectively. The specimens were placed in the shade well, covered with wet cloth, and maintain dishcloth wet until the age of 28 d.
The initial W/C is 0.3, 0.32 and 0.35, and w CNT is 0.1%, 0.2% and 0.3%, and w KH55 was 0.1%, 0.3% and 0.5%. Experiments were carried out with three factors and three levels of orthogonal experiment method. And the blank test was carried out without KH55 and CNT, and the ratio was shown in Table 2 .
Using one side capillary water absorption test, the water quality of the samples was measured by weighing method to evaluate the effect [3] . The effect of KH55 content on the water resistance of CNT/ cement based test specimens is studied.
Test Results and Analysis
After 144 hours of water absorption test, the average water quality of each sample is shown in Table 3 .
From Figure 1 we can see that in the initial stage of water absorption, the water quality of cement based materials increases linearly with the increase of T1/2, and the water absorption rate decreases after 2h.
Finally until the cement based materials reached saturation. From the beginning of the water absorption is not stable to the final steady state, the whole process of the experiment is in compliance with the laws of the non-steady state diffusion -Fick second law. Table 3 . Water absorption quality of KH55 modified CNT/ cement based materials at different time.
It can be seen from Figure 1 that under the conditions of the same water cement ratio, the water quality of the blank test specimen is significantly lower than that of the cement specimen with CNT and KH55. The main reason is adding to the dispersion of CNT. CMC was added in the preparation of CNT dispersion. CMC will cause the specimen to produce a large number of small bubbles in the molding, resulting in cement test piece density decreased, so the water quality is increased. Among them, the water quality of the blank test specimen is about 300 g/m 2 , and the water absorption quality of CNT and silane water proofing agent is about 700-1200 g/m 2 .
As can be seen from Figure 2 , in the experiment of adding CNT and N5, the water absorption quality of both N6 and KH55 increased alternately, and the water quality of N4 was smaller than that of the water; As can be seen from Figure 3 , the water absorption of N7 is smaller than that of N9 and N8; As can be seen from Figure 4 , the water absorption of N10 is smaller than that of N12 and N11. The reason is that KH55 has the role of refining the pore structure of cement based materials.
And it also can improve the whole structure of the test piece and prevent moisture from penetrating into the cement base material [5] .Therefore, the KH55
can effectively improve the waterproof performance of the specimens. With the increase of KH55 content, the waterproof performance of the test piece is better. Also can be seen from the picture, when the CNT and KH55 of the test block in the W/C for 0.32, the water quality is the smallest. The orthogonal analysis is performed by using the range method, and the results are shown in table 4 and 5. Table 5 in the K1, K2, K3 is to represent the 3 experimental factors in the 1,2 and 3 level of the average value of the water quality of the water.
R is on behalf of the maximum range of the 3 levels of each factor. From the range results can be seen, W/C had the greatest influence on water resisting, besides w KH55 and w CNT on the impact of water quality is not significant difference. From the table can be seen that the optimal level is w CNT =0.2%, W/C=0.32, w KH55 =0.5%. So the best combination is A 2 B 2 C 3 .
The orthogonal results of the 3 factors were further plotted and analyzed, as shown in Figure 5 .
The influence of W/C on the water absorption test can be known by 5A: With the increase of W/C, the water absorption quality first decreased and then increased. The reason is that when W/C is relatively small, the cement can't be completely hydrated. So in the latter part of the time, the cement hydration makes the water quality of the test piece increase relatively; With the increase of W/C, the hydration reaction of cement in the test piece is more adequate, and the water quality of the sample is decreased, so the water quality of the sample is decreased; After more than the optimal W/C, the density of the cement base material is reduced, and the quality of the water absorption of the sample is increased.
Can be seen from the figure 5b,with the increase of w CNT , the water absorption of cement based materials is first decreased and then increased; The main reason is that a small amount of CNT can improve the pore structure of cement based materials, reduce the porosity of the cement based materials. So that the water absorption of the sample decreases, which is consistent with the results of Li Gengying [10] and other research results. However, with the further increase of CNT, CNT reunion phenomenon appeared in the cement base material ,at the same time, the dispersion effect is not good, resulting in the reduction of the density of cement based materials, so that the quality of the water absorption of the sample increases. From the figure 5C shows that with the increase of w KH55 , the quality of the water absorption of the sample is decreased. The waterproof property of cement based materials is greatly improved when w KH55 =0.5%.Therefore, the KH55 can effectively improve the waterproof property of cement based materials. Determine the best combination is A 2 B 2 C 3 . 
CONCLUSION AND OUTLOOK
(1) Orthogonal analysis: The effect of W/C on the waterproof performance of KH/CNT/CC is the largest, followed by w KH55 , and w CNT had little effect on the water quality of the water. In the case of W/C=0.32, w CNT =0.2%, w KH55 =0.5%, KH/CNT/CC water quality is the smallest and the best waterproof performance.
(2) The total water absorption of KH/CNT/CC is larger than that of the blank cement paste. The main reason is that CMC is used as thickener in CNT dispersion, but also has the effect of foaming agent, which leads to a lot of internal pores, and the subsequent experiment is improved.
